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(57) Abstract: An apparatus and method is provided for stenting bifurcated vessels. A main-vessel stent and delivery system is 
provided for implanting a stent in the main vessel of a bifurcated vessel, wherein the main-vessel stent has an aperture bordered 
by closed stent cells that aligns with the opening to a side-branch vessel to permit substantially unobstructed blood flow between 
the main vessel and the side-branch vessel. The delivery system includes a catheter assembly having distal and proximal balloons 
separated by a positioning guide wire exit port located at the distal end of the catheter. The catheter assembly is advanced over a pair 
of guide wires for delivering, appropriately orienting, and implanting the main-vessel stent. 
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STENT AND CATHETER ASSEMBLY AND METHOD 
FOR TREATING BIFURCATED VESSELS 

BACKGROUND OF THE INVENTION 

The invention relates to stent deployment assemblies for use at a 
bifurcation and, more particularly, a catheter assembly for implanting one or more 
stents for repairing bifurcations, the aorto-ostium, and bifurcated blood vessels that are 
diseased, and a method and apparatus for delivery and implantation. 
5 Stents conventionally repair blood vessels that are diseased and are 

generally hollow and cylindrical in shape and have terminal ends that are generally 
perpendicular to its longitudinal axis. In use, the conventional stent is positioned at the 
diseased area of a vessel and, after placement, the stent provides an unobstructed 
pathway for blood flow. 

10 Repair of vessels that are diseased at a bifurcation is particularly 

challenging since the stent must overlay the entire diseased area at the bifurcation, yet 
not itself compromise blood flow. Therefore, the stent must, without compromising 
blood flow, overlay the entire circumference of the ostium to a diseased portion and 
extend to a point within and beyond the diseased portion. Where the stent does not 

1 5 overlay the entire circumference of the ostium to the diseased portion, the stent fails to 
completely repair the bifurcated vessel. Where the stent overlays the entire 
circumference of the ostium to the diseased portion, yet extends into the junction 
comprising the bifurcation, the diseased area is repaired, but blood flow may be 
compromised in other portions of the bifurcation. Unapposed stent elements may 

20 promote lumen compromise during neointimalization and healing, producing restenosis 
and requiring further procedures. Moreover, by extending into the junction comprising 
the bifurcation, the stent may block access to portions of the bifurcated vessel that 
require performance of further interventional procedures. Similar problems are 
encountered when vessels are diseased at their angled origin from the aorta as in the 

25 ostium of a right coronary or a vein graft. In this circumstance, a stent overlying the 
entire circumference of the ostium extends back into the aorta, creating problems, 
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including those for repeat catheter access to the vessel involved in further 
interventional procedures. 

Conventional stents are designed to repair areas of blood vessels that are 
removed from bifurcations and, since a conventional stent generally terminates at right 
5 angles to its longitudinal axis, the use of conventional stents in the region of a vessel 
bifurcation may result in blocking blood flow of a side branch or fail to repair the 
bifurcation to the fullest extent necessary. The conventional stent might be placed so 
that a portion of the stent extends into the pathway of blood flow to a side branch of the 
bifurcation or extend so far as to completely cover the path of blood flow in a side 

10 branch. The conventional stent might alternatively be placed proximal to, but not 
entirely overlaying the circumference of the ostium to the diseased portion. Such a 
position of the conventional stent results in a bifurcation that is not completely 
repaired. The only conceivable situation that the conventional stent, having right- 
angled terminal ends, could be placed where the entire circumference of the ostium is 

15 repaired without compromising blood flow, is where the bifurcation is formed of right 
angles. In such scenarios, extremely precise positioning of the conventional stent is 
required. This extremely precise positioning of the conventional stent may result with 
the right-angled terminal ends of the conventional stent overlying the entire 
circumference of the ostium to the diseased portion without extending into a side 

20 branch, thereby completely repairing the right-angled bifurcation. 

To circumvent or overcome the problems and limitations associated with 
conventional stents in the context of repairing diseased bifurcated vessels, a stent that 
consistently overlays the entire circumference of the ostium to a diseased portion, yet 
does not extend into the junction comprising the bifurcation, may be employed. Such 

25 a stent would have the advantage of completely repairing the vessel at the bifurcation 
without obstructing blood flow in other portions of the bifurcation. In addition, such 
a stent would allow access to all portions of the bifurcated vessel should further 
interventional treatment be necessary. In a situation involving disease in the origin of 
an angulated aorto-ostial vessel, such a stent would have the advantage of completely 



WO 02/39926 PCTYUS01/32470 

-3- 

repairing the vessel origin without protruding into the aorta or complicating repeat 
access. 

In addition to the problems encountered by using the prior art stents to 
treat bifurcations, the delivery platform for implanting such stents has presented 
5 numerous problems. For example, a conventional stent is implanted in the main vessel 
so that a portion of the stent is across the side branch, so that stenting of the side branch 
must occur through the main-vessel stent struts. In this method, commonly referred to 
in the art as the "monoclonal antibody" approach, the main-vessel stent struts must be 
spread apart to form an opening to the side-branch vessel and then a catheter with a 

10 stent is delivered through the opening. The cell to be spread apart must be randomly 
and blindly selected by recrossing the deployed stent with a wire. The drawback with 
this approach is there is no way to determine or guarantee that the main-vessel stent 
struts are properly oriented with respect to the side branch or that the appropriate cell 
has been selected by the wire for dilatation. The aperture created often does not 

15 provide a clear opening and creates a major distortion in the surrounding stent struts. 
The drawback with this approach is that there is no way to tell if the main-vessel stent 
struts have been properly oriented and spread apart to provide a clear opening for 
stenting the side-branch vessel. 

Another approach to providing a main-vessel stent that does not block 

20 access to the ostium of a side-branch vessel is to cut an aperture in the side- wall of the 
main-vessel stent. The draw-back to this approach is that forming the aperture in this 
manner interferes with the structural integrity of the stent in the area of the aperture, 
resulting in reduced strength and scaffolding. Additionally, where such an aperture is 
cut into a stent having otherwise closed cells formed from stent struts, the perimeter of 

25 the aperture will have open cells and unjoined stent struts presenting ajagged perimeter 
that may interfere with crossing of the aperture by a guide wire or catheter if 
subsequent treatment of the side- vessel is required. 

In another prior art method for treating bifurcated vessels, commonly 
referred to as the "Culotte technique," the side-branch vessel is first stented so that the 
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stent protrudes into the main vessel A dilatation is then performed in the main vessel 
to open and stretch the stent struts extending across the lumen from the side-branch 
vessel. Thereafter, the main-vessel stent is implanted so that its proximal end overlaps 
with the side-branch vessel. One of the drawbacks of this approach is that the 
5 orientation of the stent elements protruding from the side-branch vessel into the main 
vessel is completely random. Furthermore the deployed stent must be recrossed with 
a wire blindly and arbitrarily selecting a particular stent cell When dilating the main 
vessel stretching the stent struts is therefore random, leaving the possibility of restricted 
access, incomplete lumen dilatation, and major stent distortion. 

10 In another prior art device and method of implanting stents, a "T" stent 

procedure includes implanting a stent in the side-branch ostium of the bifurcation 
followed by stenting the main vessel across the side-branch ostium. In another prior 
art procedure, known as "kissing" stents, a stent is implanted in the main vessel with 
a side-branch stent partially extending into the main vessel creating a double-barreled 

15 lumen of the two stents in the main vessel distal to the bifurcation. Another prior art 
approach includes a so-called "trouser legs and seat" approach, which includes 
implanting three stents, one stent in the side-branch vessel, a second stent in a distal 
portion of the main vessel, and a third stent, or a proximal stent, in the main vessel just 
proximal to the bifurcation. 

20 All of the foregoing stent deployment assemblies suffer from the same 

problems and limitations. Typically, there is uncovered intimal surface segments on 
the main vessel and side-branch vessels between the stented segments. An uncovered 
flap or fold in the intima or plaque will invite a "snowplow" effect, representing a 
substantial risk for subacute thrombosis, and the increased risk of the development of 

25 restenosis. Further, where portions of the stent are left unapposed within the lumen, 
the risk for subacute thrombosis or the development of restenosis again is increased. 
The prior art stents and delivery assemblies for treating bifurcations are difficult to use, 
making successful placement nearly impossible. Further, even where placement has 
been successful, the side-branch vessel can be "jailed" or covered so that there is 
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impaired access to the stented area for subsequent intervention. The present invention 
solves these and other problems as will be shown. 

In addition to problems encountered in treating disease involving 
bifurcations for vessel origins, difficulty is also encountered in treating disease 
5 confined to a vessel segment but extending very close to a distal branch point or 
bifurcation which is not diseased and does not require treatment. In such 
circumstances, very precise placement of a stent covering the distal segment, but not 
extending into the ostium of the distal side-branch, may be difficult or impossible. The 
present invention also offers a solution to this problem. 
10 References to distal and proximal herein shall mean: the proximal 

direction is moving away from or out of the patient and distal is moving toward or into 
the patient. These definitions will apply with reference to body lumens and apparatus, 
such as catheters, guide wires, and stents. 

SUMMARY OF THE INVENTION 
The invention provides for improved stent designs and stent delivery 
assemblies for repairing a main vessel and side-branch vessel forming a bifurcation, 
without compromising blood flow in other portions of the bifurcation, thereby allowing 
5 access to all portions of the bifurcated vessels should further interventional treatment 
be necessary. The stent delivery assemblies of the invention all share the novel feature 
of containing, in addition to a tracking guide wire, a second positioning wire which 
affects rotation and precise positioning of the assembly for deployment of the stent. 

A stent is provided for implanting in the main vessel adjacent to a 
10 bifurcation in which a cylindrical member has distal and proximal ends and an outer 
wall surface therebetween, which can typically be similar to the outer wall surface of 
stents used in the coronary arteries. An aperture is formed in the outer wall surface of 
the apertured stent and is sized and positioned on the outer wall surface so that when 
the apertured stent is implanted in the main vessel, the aperture is aligned with the side- 
15 branch vessel providing unrestricted blood flow from the main vessel through to the 
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side-branch vessel . Deployment of the apertured stent is accomplished by a novel stent 
delivery system adapted specifically for treating bifurcated vessels. 

The aperture is formed in the outer wall of the stent by configuring the 
undulating or serpentine pattern of the cylindrical elements of the stent to provide the 
5 aperture. Reconfiguring the pattern in this manner provides an aperture perimeter 
formed of closed stent cells. This construction provides increased strength in the area 
of the aperture as well as improved scaffolding of the vessel wall surrounding the 
ostium. 

In general, the aperture is formed in the stent by adjusting the pattern of 

10 stent cells and stent struts so that the size of the stent cell in the region of the stent 
surrounding the aperture is less than the stent cells in the remainder of the stent 
Preferably, the stent cells in the region including the aperture are half the size of 
remaining stent cells. The smaller cell size in the region of the aperture results in an 
aperture perimeter that is smaller and denser, providing both increased scaffolding of 

15 the vessel wall surrounding the ostium of a side-branch vessel as well as providing a 
smoother lumen for accessing the side-branch vessel should subsequent treatment of 
the side-branch vessel be necessary. 

The stent delivery system of the present invention further includes a 
main- vessel catheter for delivering a stent in the main vessel after the side-branch 

20 vessel has been stented. The main- vessel catheter includes a tracking guide wire lumen 
extending through at least a portion thereof, and adapted for receiving a tracking guide 
wire for slidable movement therein. An expandable member is positioned near the 
main-vessel catheter distal end for delivering and implanting a main- vessel (apertured) 
stent in the main vessel. The main- vessel stent includes an aperture on its outer surface 

25 which aligns with the side-branch vessel. A positioning guide wire lumen is associated 
with the expandable member, and is sized for slidably receiving the stent-positioning 
guide wire. The stent-positioning guide wire slides within the positioning guide wire 
lumen to orient the expandable member so that it is positioned adjacent to, but not in, 
the side-branch vessel with the stent aperture facing the side-branch ostium. 
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In one embodiment, the main-vessel catheter assembly includes the so- 
called rapid exchange catheter features which are easily exchangeable for other 
catheters while the tracking and positioning guide wires remain positioned in the side- 
branch vessel and the main vessel, respectively. In an alternate embodiment, both 
5 catheters may be of the "over-the-wire" type. 

The present invention ftirther includes a method for delivering the main- 
vessel (apertured) stent in the bifurcated vessel. 

In the event that the main vessel is to be stented (with the stent placed 
across the bifurcation site), the proximal end of the main-vessel guide wire is inserted 
10 into the distal end of the guide wire lumen of the main-vessel catheter. The main- 
vessel catheter would then be advanced into the body until the catheter is within one 
cm or so of the target site. The distal end of the second (integrated, stent-positioning) 
guide wire, which resides in the main-vessel catheter during delivery to the main 
vessel, is then advanced by having the physician push the positioning wire from outside 
15 the body. The distal end of the stent-positioning wire travels through the positioning 
guide wire lumen and passes underneath the proximal half of the stent until it exits at 
the site of the stent aperture. The catheter is then advanced distally until resistance is 
felt from the stent-positioning guide wire pushing up against the ostium of the side- 
branch vessel indicating that the stent aperture is correctly facing the side-branch vessel 
20 ostium. If a stent has already been implanted in the side-branch vessel, this resistance 
also ensures that the aperture of the main vessel stent is aligned with the proximal end 
of the side-branch stent. Thereafter, the expandable member on the main- vessel 
catheter is inflated, thereby expanding and implanting the main-vessel stent into contact 
with the main vessel, with the aperture in the stent providing a flow path for the blood 
25 from the main vessel through to the side-branch vessel without any obstructions. The 
expandable member is deflated and the main-vessel catheter is removed from the body. 
The main- vessel catheter is designed so that both the main-vessel guide wire and side- 
branch wire can be left in their respective vessels should sequential or simultaneous 
high pressure balloon inflation be required in each of the vessels in order to complete 
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the stenting procedure. The presence of the stent-positioning wire in the stent aperture 
permits catheter access through this aperture into the side-branch vessel for balloon 
inflation to smooth out the aperture in the main- vessel stent. This additional step is a 
matter of physician choice. 
5 Utilizing this method, the main vessel can be stented without the need for 

stenting the side-branch vessel. An advantage of this embodiment is that a major side 
branch, not diseased and requiring treatment, exiting from a main vessel requiring 
stenting, may be protected by the positioning wire while the main vessel is stented. If 
"snowplowing" compromise or closure of the side-branch vessel occurs with main- 

1 0 vessel stenting, then access is already present and guaranteed for stenting of the side- 
branch vessel over the wire already in place in the manner described above. This will 
allow confident stenting of a main vessel segment containing a major side branch. In 
this usage, only if compromise or occlusion of the side branch occurs, will additional 
stenting of the side branch be required. 

15 In an alternative embodiment, the stent to be implanted in the main- vessel 

is mounted on a main- vessel catheter having an expandable section including two 
expandable balloons closely spaced together but separated sufficiently so that an exit 
port formed in the wall of the main- vessel catheter is exposed, allowing a stent- 
positioning guidewire to exit the catheter. In normal use, the stent is mounted such that 

20 the aperture of the stent is aligned with the exit port, allowing the stent-positioning 
guidewire to extend out of the exit port and through the stent. In this embodiment, the 
main- vessel catheter is advanced into the body until the catheter is within one cm or so 
of the target site. The distal end of the stent-positioning guide wire, which resides in 
the main-vessel catheter during delivery to the main vessel, is then advanced by having 

25 the physician push the positioning wire from outside the body. The distal end of the 
stent-positioning wire travels through the positioning guide wire lumen until it exits 
through the exit port between the balloons at the site of the stent aperture. The catheter 
is then advanced distally until resistance is felt from the stent-positioning guide wire 
pushing up against the ostium of the side-branch vessel indicating that the stent 
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aperture is correctly facing the side-branch vessel ostium. The remainder of the 
method is as described above. The main-vessel catheter is designed so that both the 
main-vessel guide wire and side-branch wire can be left in their respective vessels 
should sequential or simultaneous high pressure balloon inflation be required in each 
5 of the vessels in order to complete the stenting procedure. A further advantage of this 
method is that both the main-vessel guide wire and side-branch wires are contained 
within the catheter body, allowing for use of either an integrated main-vessel/side- 
branch guide wire system or simply running two separate guide-wires through a central 
lumen of the catheter. Alternatively, the main-vessel catheter may include two separate 
10 lumens to accommodate the main-vessel and side-branch guide wires. 

Other features and advantages of the present invention will become 
apparent from the following detailed description, taken in conjunction with the 
accompanying drawings, which illustrate, by way of example, the principles of the 
invention. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 is an elevational view of a bifurcation in which a prior art f 'T" 
stent is in a side-branch ostium followed by the stenting of the main vessel across the 
branch ostium. 

20 FIG. 2 is an elevational view of a bifurcation in which "touching 11 prior 

art stents are depicted in which one stent is implanted in the side branch, a second stent 
implanted in a proximal portion of the main vessel next to the branch stent, with 
interrupted placement of a third stent implanted more distally in the main vessel. 

FIG. 3 is an elevational view of a bifurcation depicting "kissing" stents 

25 where a portion of one stent is implanted in both the side-branch and the main vessel 
and adjacent to a second stent implanted in the main vessel creating a double-barreled 
lumen in the main vessel distal to the bifurcation. 

FIG. 4 is an elevational view of a prior art "trouser legs and seat 11 stenting 
approach depicting one stent implanted in the side-branch vessel, a second stent 



WO 02/39926 PCT/US01/32470 

-10- 

implanted in a proximal portion of the main vessel, and a close deployment of a third 
stent distal to the bifurcation leaving a small gap between the three stents of an 
uncovered luminal area. 

FIG. 5A is a perspective view depicting the main-vessel stent of the 
5 present invention in which an aperture is formed on the outer surface of at least a 
portion of the stent. 

FIG. 5B is a side elevational view of the main- vessel stent of FIG. 5A. 

FIG. 6 is a side elevational view of another embodiment of the main- 
vessel stent of the present invention. 
1 0 FIGS . 7 A and 7B are cross-sectional views looking down the side-branch 

vessel at an expanded main vessel prior art stent in which a random, sub-optimal stent 
cell was entered and expanded. 

FIGS 7C is a cross-sectional view looking down the side-branch vessel 
at an expanded main-vessel stent of the present invention showing the alignment 
1 5 between the aperture of the stent and the ostium of the side-branch vessel, allowing for 
free flow of blood between the vessels. 

FIGS. 8A-8C depict an elevational view, partially in section, of a main- 
vessel catheter assembly in which the main vessel stent has an aperture on its outer 
surface. 

20 FIGS . 8D- 8F depict an elevational view, partially in section, of the main- 

vessel catheter of FIGS. 8A-8C with a ramp to help orient and advance the guide wire 
through the aperture in the main-vessel stent. 

FIGS. 8G-8I depict an elevational view, partially in section, of an 
alternative embodiment of the main-vessel catheter of FIGS. 8A-8C in which the guide 
25 wire lumen is angled to pass under the stent and exit through the stent aperture. 

FIGS. 8J-8L depict an elevational view, partially in section, of an 
alternative embodiment of the main- vessel catheter of FIGS. 8 A-8C in which a portion 
of the guide wire lumen passes under the stent. 
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FIGS. 9A-9E are elevational views, partially in section, depicting the 
main-vessel catheter assembly of FIG. 8A and the main-vessel stent in which two guide 
wires are used to correctly position the main vessel stent so that the aperture in the stent 
is aligned with the side-branch vessel. 
5 FIG. 10 is an elevation view, partially in section, of an alternative 

embodiment of the main-vessel catheter of FIGS 8 A-C having two expandable balloons 
separated by a section of catheter having an exit port for a stent-positioning guide wire. 

DETAILED DESCRIPTION OF THE PREFER RED EMBODIMENTS 
10 The present invention includes an assembly and method for treating 

bifurcations in, for example, the coronary arteries, veins, arteries, and other vessels in 
the body. Prior art attempts at implanting intravascular stents in a bifurcation have 
proved less than satisfactory. For example, FIGS. 1-4 depict prior art devices which 
include multiple stents being implanted in both the main vessel and a side-branch 
1 5 vessel. In FIG. 1 , a prior ait "T" stent is implanted such that a first stent is implanted 
in the side branch 5 near the ostium of the bifurcation, and a second stent is implanted 
in the main vessel 6, across the side-branch ostium. With this approach, portions of the 
side-branch vessel are left uncovered, and blood flow to the side-branch vessel must 
necessarily pass through the main-vessel stent, causing possible obstructions or 
20 thrombosis. 

Referring to FIG. 2, three prior art stents are required to stent the 
bifurcation. In FIG. 3, the prior art method includes implanting two stents side by side, 
such that one stent extends into the side-branch vessel and the main vessel, and the 
second stent is implanted in the main vessel. This results in a double-barreled lumen 
25 which can present problems such as thrombosis, and turbulence in blood flow. 
Referring to the FIG. 4 prior art device, a first stent is implanted in the side-branch 
vessel, a second stent is implanted in a proximal portion of the main vessel, and a third 
stent is implanted distal to the bifurcation, thereby leaving a small gap between the 
stents and an uncovered luminal area. 
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Prior art devices that have attempted to first stent the main vessel and 



randomly select a stent cell to expand for alignment with the side-branch vessel, have 
generally failed. One such approach, known as the "monoclonal antibody" approach, 
as depicted in FIGS. 7A and 7B, depict what can happen when an inappropriate target 
5 stent cell is selected randomly and then expanded by a high pressure balloon. As 
shown in FIG. 7 A, which is a view looking down side-branch vessel 5 in partial cross- 
section at a prior art stent 68, the physician randomly selects stent cell 69 which is a 
sub-optimal cell to expand with the balloon portion of a catheter. As depicted in FIG. 
7B, after balloon expansion in the suboptimal cell 69, entry into the cell with a catheter 

10 may be impossible or, if accomplished, expansion of the balloon may be incomplete. 
The aperture created will be inadequate and major distortion in the adjacent stent struts 
may occur. Consequences may include subacute thrombosis or restenosis. With the 
present invention, as shown in FIGS. 7C, the aperture of the stent is oriented optimally 
with respect to the side-branch ostium prior to deployment of the stent using a method 

15 of the present invention to be described below. The aperture of the present invention 
as shown in FIG. 7C, guarantees an optimal aperture essentially devoid of stent struts 
blocking the blood flow path from the main vessel to the side-branch vessel. 



drawbacks which have been solved by the present invention. The stent of the present 
20 invention can be implanted in the main vessel where access to a side-branch vessel is 
necessary to treat a number of angulated ostial lesions including,- but not limited to, the 
following: 



All of the prior art devices depicted in FIGS. 1 -4 and 7A-7B have various 



25 



1. 



The ostium of aleft anterior descending artery (LAD) where there 
is a circumflex or trifurcation vessel at less than 90° in its 
departure from the LAD. 



2. 



The ostium of the circumflex artery or a bifurcation in a similar 
situation as number 1. 



30 



3. 



The ostium of a sizeable diagonal. 



4. 



The LAD just distal to, but sparing, the origin of a diagonal. 
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5. The ostium of a circumflex marginal artery with an angulated 
take-off. 

6. Disease in the circumflex artery just distal to a marginal take-off, 
but sparing that take-off. 

7. The aorta-ostium of a right coronary artery with an angled take- 
off. 

8. The origin of an angulated posterior descending artery. 

9. The origin of an LV extension branch just at and beyond the crux, 
sparing the posterior descending artery. 

1 0. The ostium of an angulated vein graft origin. 

11. Any of many of the above locations in conjunction with 
involvement of the bifurcation and an alternate vessel. 

The main vessel stent of the present invention may be used as a solo 

device, or it can be used in conjunction with an angled stent to treat the foregoing 

indications. 

In keeping with the invention, as depicted in FIGS. 5A and 5B, main- 
vessel stent 20 is configured for deployment in main-vessel 6. Main-vessel stent 20 
includes cylindrical member 2 1 having distal end 22 andproximal end 23 . Main-vessel 
stent 20 includes outer wall surface 24 which extends between distal end 22 and 
proximal end 23 and incorporates aperture 25 on outer wall surface 24. Aperture 25 
is configured so that, upon expansion, it approximates the diameter of the ostium of 
side^branch vessel 5. Where main-vessel stent 20 is used in conjunction with a stent 
implanted in side-branch vessel 5, the aperture 25 of main-vessel stent 20 is sized so 
that, upon expansion, the aperture approximates the diameter of the expanded side- 
branch stent. When main-vessel stent 20 is implanted and expanded into contact with 
main- vessel 6, aperture 25 is aligned with side-branch vessel 5 andproximal end 14 of 
proximal angled stent, thereby providing an unrestricted blood flow path from the side- 
branch vessel to the main vessel. Unlike the prior art, the main-vessel catheter allows 
selection and positioning of an aperture at the side-branch ostium. Furthermore, it 
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pro vides for the positioning of a guide wire during main-vessel stent deployment which 
can be used for additional intervention if necessary . In the prior art techniques access 
to a side-branch is through a randomly selected stent element ("cell") and is only 
possible after deployment of the stent. The precise positioning of aperture 25 is 
5 optional and aperture 25 could be positioned either closer to the proximal or distal end 
of stent 20. 

Main-vessel stent 20 can be formed from any of a number of materials 
including, but not limited to, stainless steel alloys, nickel-titanium alloys (the NiTi can 
be either shape memory or pseudoelastic), tantalum, tungsten, or any number of 

1 0 polymer materials. Such materials of manufacture are known in the art. Further, main- 
vessel stent 20 can have virtually any pattern including those known to prior art stents. 
In one configuration, main-vessel stent 20 is formed from a stainless steel material and 
has a plurality of cylindrical elements connected by connecting members, wherein the 
cylindrical elements have an undulating or serpentine pattern. Such a stent is disclosed 

15 in U.S. Patent No. 5,514,154 and is manufactured and sold by Advanced 
Cardiovascular Systems, Inc., Santa Clara, California. The stent is sold under the 
tradename MultiLink® Stent. Such stents can be modified to include the novel features 
of main-vessel stent 20 (the aperture). 

As is depicted in FIGS. 5A and 5B, the aperture 25 is formed in main- 

20 vessel stent 25 by specifically configuring the undulating or serpentine pattern of the 
cylindrical elements of the stent to provide the aperture. Reconfiguring the pattern in 
this manner provides for increased strength at the border of the aperture as well as 
improved scaffolding of the vessel wall compared to a stent in which an opening is 
simply cut into the stent wall leaving open stent cells or unconnected stent struts, or 

25 where a random stent cell has been expanded to provide the aperture. One advantage 
to forming aperture 25 in the manner of the present invention is that aperture 25 has a 
perimeter formed of closed stent cells. This structure provides for improved stent 
strength in the border of the stent surrounding the aperture, and also provides improved 
scaffolding of the main-vessel wall 6 surrounding the ostium of side-branch vessel 6. 
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The closed stent cells surrounding aperture 25 also provide a smother, more regular 
aperture boundary that is less likely to interfere with subsequent crossing of aperture 
25 by a guide wire or catheter should subsequent treatment of side-branch vessel 5 be 
required. 

5 In an another embodiment depicted in FIG. 6, main-vessel stent 30 

includes cylindrical member 3 1 having distal end 32 and proximal end 3 3 . Mam-vessel 
stent 30 includes outer wall surface 34 which extends between distal end 32 and 
proximal end 33 . In this embodiment, main-vessel stent 30 includes stent sections 36 
which include cylindrical elements having cells of like size. Located between stent 

10 sections 36 is central stent section 37, in which is formed an aperture 35. The cells 38 
making up the cylindrical elements comprising central stent section 37 have a reduced 
size compared to the cells of stent sections 36; for example, each cell in central stent 
section 37 may be only half the size of a cell of stent sections 36. Reducing the cell 
size in central stent section 37 provides for a smoother, more uniform boundary of 

15 aperture 35, which may be advantageous, especially in those instances where a stent 
must be implanted in a side-branch vessel after implantation of main-vessel stent 30 in 
the main-vessel. 

For convenience, all references to the main- vessel stent of the present 
invention will hereinafter refer to main-vessel stent20. It will be understood, however, 

20 that the methods describing the delivery of the main-vessel stents of present invention 
are equally applicable to each embodiment of the main-vessel stent disclosed herein. 

Main-vessel stent 20 preferably is a balloon-expandable stent that is 
mounted on a balloon portion of a catheter and crimped tightly onto the balloon to 
provide a low profile delivery diameter. After the catheter is positioned so that the 

25 stent and the balloon portion of the catheter are positioned either in the side-branch or 
the main vessel, the balloon is expanded, thereby expanding the stent beyond its elastic 
limit into contact with the vessel. Thereafter, the balloon is deflated and the balloon 
and catheter are withdrawn from the vessel, leaving the stent implanted. Deployment 
of the main- vessel stent is accomplished by a novel stent delivery system adapted 
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specifically for treating bifurcated vessels. The main-vessel stent could be made to be 
either balloon expandable or self-expanding. 

If necessary, main- vessel 6 also can be stented after stenting the side- 
branch vessel 5. In that regard, and in keeping with the invention, main-vessel catheter 
5 assembly 50 is provided for implanting main-vessel stent 20, as depicted in FIGS. 8A 
to 9E. In one embodiment, as shown in FIGS. 8A-8C, main- vessel catheter 50 includes 
distal end 5 1 which is configured for advancement within the patient's vasculature, and 
proximal end 52 which remains outside the patient. The main-vessel catheter includes 
guide wire lumen 53A having distal end 53B and side port 53C, which is proximal to 

10 the balloon portion of the catheter. Side port 53C is provided in a so-called rapid- 
exchange catheter system which includes a slit (not shown) as is known in the art. 
Expandable member 54 is located near distal end 51 of main-vessel catheter 50. 
Typically, expandable member 54 is a non-distensible balloon of the type known in the 
art for delivering and expanding stents. 

1 5 In further keeping with the invention, positioning guide wire lumen 55 A 

is positioned partly on the catheter shaft and partly on expandable member 54, and is 
configured for slidably receiving integrated stent-positioning guide wire 56A. Prior to 
stent delivery, guide wire 56A resides in guide wire lumen 55A and only during stent 
delivery is it then advanced into and through angled portion 55B of the lumen. 

20 Other embodiments for implanting main-vessel stent 20 in main- vessel 

6 are depicted, for example, in FIGS. 8D-8F. This embodiment is identical to that 
depicted in FIGS. 8A-8C, with the addition of ramp 57 which is mounted on balloon 
35 and provides a slight incline for guide wire 56A as it exits guide wire lumen 55A. 
As the guide wire slides along ramp 57, distal portion 56B of the guide wire will move 

25 radially outwardly which helps position the guide wire and orient it into the side-branch 
vessel. In another embodiment for implanting the main- vessel stent in the main vessel, 
as depicted in FIGS. 8G-8I, guide wire lumen 55A passes underneath main-vessel stent 
20 and on top of balloon 35. The distal end 55B curves along the balloon so that as 
guide wire 56B advances out of the distal end 55B of the lumen, it is traveling radially 
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outwardly so that it can more easily locate and advance into the side-branch vessel 5. 

In still another embodiment for implanting main-vessel stent 20 in the 
main-vessel 6, as depicted in FIGS. 8J-8L, guide wire lumen 55A is positioned under 
stent 20 and terminates at distal end 55B in the middle of aperture 25. The distal end 
5 55A of the guide wire lumen will spring outwardly which facilitates advancing guide 
wire distal end 41B into the side branch vessel. A distal guide wire lumen 58 is 
attached to the balloon 35 outer surface and extends from aperture 25 to essentially the 
distal end of the catheter. 

In one method of implanting main-vessel stent 20 in main-vessel 6, as 

10 depicted in FIGS . 8 A-8I and 9 A-9D, guide wire 41 A remains in position in main-vessel 
6, while the side-branch guide wire 36 A is withdrawn from the patient. Main- vessel 
catheter 50 is backloaded onto guide wire 41 A by inserting proximal end 41B of the 
wire into the distal end of the catheter and into guide wire lumen 53A. Main-vessel 
catheter 50 is advanced over guide wire 41 A and viewed under fluoroscopy until main- " 

15 vessel stent 20 is positioned in main- vessel 6, just proximal to side-branch vessel 5. 
The distal end 56B of the integrated stent-positioning guide wire 56A is then advanced 
by the physician pushing on proximal end 56C from outside the body. The distal end 
56B of wire 56A advances into and through positioning guide wire lumen 55A and 
passes underneath the proximal end of the main-vessel stent 20 and exits the angled 

20 portion 55B of the lumen and enters side-branch vessel 5. The main-vessel catheter 50 
is then advanced distally into the main vessel until resistance is felt from the stent- 
positioning guide wire 56A pushing up against the ostium of the side-branch vessel. 
The stiffness of stent-positioning guide wire 56A causes the main-vessel catheter 50, 
with main-vessel stent 20 thereon, to rotate so that aperture 25 is facing the side-branch 

25 vessel 5 ostium and proximal angled stent 10 already implanted. 

Expandable member 54, which is typically a non-distensible expandable 
balloon, is inflated thereby expanding main-vessel stent 20 into contact with main- 
vessel 6. Aperture 25 correspondingly expands and when properly aligned, provides 
a blood flow path between aperture 25 and proximal angled stent 1 0 implanted in side- 
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branch vessel 5. As can be seen in FIGS. 8A-8I and 9A-9D, positioning guide wire 
lumen 55A is positioned on expandable member 54, such that when the expandable 
member is inflated, positioning guide wire lumen 55A does not interfere with 
implanting main-vessel stent 20. After the main- vessel stent is implanted in the main 
5 vessel, expandable member 54 is deflated, and main- vessel catheter 50 withdrawn from 
the patient. 

In an alternative method of implanting main- vessel stent 20 in main- 
vessel 6 as depicted in FIGS. 8J-8L, tracking guide wire 41 A is advanced through 
guide wire lumen 55A and guide wire lumen 5 8 so that it advances distally of the distal 

10 end 51 of the catheter. Thus, guide wire distal end 41B is advanced into the main 
vessel so that it is distal of the side-branch vessel. Guide wire 56A, which until this 
point has remained within guide wire lumen 53 A (see FIG. 8K), is advanced distally 
as depicted in FIG. 8L and advanced into the main vessel distally of the side^branch 
vessel. Guide wire 41A is then withdrawn proximally through guide wire lumen 58 

15 until guide wire distal end 4 IB is able to exit guide wire lumen distal end 55B, as 
shown in FIG. 8L. Since guide wire lumen 55B is preformed and has bias, it will 
spring outwardly. Guide wire 41 A can then be advanced into the side-branch vessel 
for further positioning. As the catheter 50 is advanced over the guide wires, distal 
portion 41B of the guide wire will push against the ostium of the side-branch vessel 

20 thereby insuring the location of main-vessel stent 20, and importantly aperture 25 will 
align with the opening to the side-branch vessel 5. 

In order to assist in properly aligning main-vessel stent 20 in main-vessel 
6, positioning guide wire lumen 55A, on main-vessel catheter 50, can be radiopaque, 
or have a radiopaque marker associated therewith so that it is visible under fluoroscopy. 

25 Thus, when advancing main-vessel catheter 50, the proper orientation can be more 
easily determined by viewing the position of positioning guide wire lumen 55 A in 
connection with main-vessel 6. Additionally, positioning guide wire 56A for 
positioning main-vessel stent 20 is either radiopaque or has radiopaque portions, such 
as gold markers, to assist in positioning and orienting the catheter and stent during 
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ixnplantation and deployment. 

While the foregoing description contemplates implanting a stent in side- 
branch vessel 5 prior to implanting main-vessel stent 20 in main-vessel 6, in an 
alternative embodiment, the implanting procedure can be reversed. However, it should 
5 be understood that by implanting main-vessel stent 20 in main-vessel 6, and 
subsequently implanting a stent in side-branch vessel 5, aperture 25 must be carefully 
aligned with side-branch vessel 5 so that side-branch catheter 31 can be advanced 
through expanded main-vessel stent 20 and aperture 25 and into side-branch vessel 5 
for implanting the stent in side-branch vessel 5. 

10 While main-vessel catheter 50 has been described herein as being of the 

rapid-exchange type, it also can be of a conventional over-the-wire-type catheter. In 
over-the-wire-type catheters, the guide wire lumen extends from the distal end of the 
catheter to the proximal end with no side port as is found in the rapid-exchange-type 
catheters. Typical of over-the-wire-type catheters is the type disclosed in U.S. Patent 

1 5 Nos. 4,323 ,07 1 and B 1 4,323 ,07 1 , which are incorporated herein by reference, and are 
commonly assigned and commonly owned by Advanced Cardiovascular Systems, Inc., 
Santa Clara, California. 

In another embodiment of the invention, as depicted in FIG. 10, main- 
vessel stent 20 may be mounted on a main-vessel catheter 100. In this embodiment, 

20 main-vessel catheter 100 includes an expandable portion 105 located near distal end 
1 10 of main-vessel catheter 100. Main-vessel catheter 100 includes guide wire lumen 
115 which extends to port 120 located at distal end 1 10 of the main-vessel catheter. 
Expandable portion 105 includes a proximal balloon 125 and a distal balloon 130 
separated by exit notch 135. Exit notch 135 is formed from the body of main-vessel 

25 catheter 1 00, and may have the same, a lesser or a greater diameter than the remainder 
of the catheter body. The main-vessel catheter 100 also has a stent-positioning guide 
wire lumen 1 40 that extends through the main-vessel catheter to exit port 145 located 
in exit notch 135. 
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Main- vessel catheter 100 may be configured as a so-called rapid- 
exchange catheter system which includes a slit (not shown) as is known in the art, and 
appropriate side ports for introduction of the guide wire and stent-positioning guide 
wire (not shown). Alternatively, main- vessel catheter 100 may be configured as an 
5 over-the-wire catheter system. Typically, proximal balloon 125 and distal balloon 130 
are non-distensible balloons of the type known in the art for delivering and expanding 
~ stents. 

Main-vessel stent 20 is mounted on expandable portion 105 of main- 
vessel catheter 100 by crimping stent 20 over proximal balloon 125 and distal balloon 

10 130 and orienting stent 20 so that aperture 25 is positioned over exit port 145 in exit 
notch 135 of main- vessel catheter 100 to allow a stent-positioning guide wire to extend 
out of exit port 145, through aperture 25 and into the ostium of side-branch vessel 5. 
In one embodiment, exit notch 135 includes a marker band 150 to aid in positioning 
aperture 25 of main- vessel stent 20 in the desired location relative to the ostium of side- 

15 branch vessel 5. 

The procedure for positioning and implanting main-vessel stent 20 using 
main- vessel catheter 100 is similar to the method described above with reference to 
FIGS. 8A-8C and 9A-9D. Expansion of stent 20, however, differs from the method 
described above since expandable portion 105 of main-vessel catheter 100 includes 

20 proximal balloon 125 and distal balloon 130 separated by exit notch 135. In this 
embodiment, after main-vessel stent 20 is located and properly situated at the site of 
the lesion in main-vessel 6 and the aperture 25 of main-vessel stent 20 is properly 
aligned with the ostium of side-branch vessel 5, proximal balloon 125 and distal 
balloon 130 are expanded either simultaneously or separately, depending on the 

25 physicians choice. After expansion, proximal balloon 125 and distal balloon 130 are 
deflated, and main- vessel catheter 100 is pulled back by the physician by pulling a 
portion of the catheter from the patient's body. Main-vessel catheter 1 00 is pulled back 
just sufficiently to position the distal balloon 130 in the center of stent 20 so that the 
portion of stent 20 originally positioned over exit notch 135 may be expanded. Once 
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distal balloon 1 30 is properly positioned, it is expanded, thus completing the expansion 
of stent 20. Distal balloon 130 is then deflated, and main- vessel catheter 100 is 
withdrawn from the patient. As described previously, the design of main-catheter 1 00 
allows both the main and stent-positioning guide wires to remain in the main-vessel and 
5 side-branch vessels in case further stent deployment or expansion are necessary. 

While the invention herein has been illustrated and described in terms of 
an apparatus and method for stenting bifurcated vessels, it will be apparent to those 
skilled in the art that the stents and delivery systems herein can be used in the coronary 
arteries, veins and other arteries throughout the patient's vascular system. Certain 
10 dimensions and materials of manufacture have been described herein, and can be 
modified without departing from the spirit and scope of the invention. 
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1. A main- vessel stent for implanting in a main vessel adjacent a 
bifurcation, comprising: 

a cylindrical member having a distal end and a proximal end and 
an outer wall surface therebetween; and 

an aperture on the outer wall surface, the aperture having a 
perimeter formed entirely of closed stent cells, the aperture being sized and positioned 
on the outer wall surface so that when the stent is implanted in a main vessel, the 
aperture is aligned with a side-branch vessel thereby allowing substantially unrestricted 
blood flow from the main vessel through to the side-branch vessel. 

2. The main- vessel stent of claim 1 , wherein the stent is expandable 
from a first smaller diameter for delivery in a body lumen to a second expanded 
diameter by plastically deforming the stent beyond the elastic limits of the material 
forming the stent 

3 . The main- vessel stent of claim 1 , wherein the stent is formed from 
a self-expanding material so that the stent expands from a first smaller diameter for 
delivery through a body lumen to a second implanted diameter in the body lumen. 

4. The main-vessel stent of claim 1 , wherein the cylindrical member 
further comprises: 

a distal region adjacent the distal end, a proximal region adjacent 
the proximal end and a central region located therebetween; and wherein the aperture 
is formed in the central region. 

5. The main-vessel stent of claim 4, wherein the stent cells of the 
distal and proximal regions have a first cell size and the stent cells of the central region 
have a second cell size. 

6. The main- vessel stent of claim 5, wherein the second cell size is 
less than the first cell size. 
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7. The main- vessel stent of claim 6, wherein the second cell size is 
about one half the size of the first cell size. 

8. A stent delivery assembly for treating bifurcated vessels having 
a main vessel and a side-branch vessel, comprising: 

a catheter having a proximal end and distal end and an outer 
surface extending longitudinally therebetween; 
5 a first expandable member having a distal end and proximal end 

mounted on the catheter proximate to the distal end of the catheter; 

a second expandable member having a distal end and a proximal 
end mounted on the catheter proximate to the proximal end of the first expandable 
member; 

10 a tracking guide wire lumen extending within at least a portion of 

the catheter; 

a tracking guide wire having a distal end and a proximal end and 
sized for slidable movement within the tracking guide wire lumen; 

a positioning guide wire lumen having a distal end and a proximal 
15 end and extending within at least a portion of the catheter and adapted to receive for 
i slidable engagement a positioning guide wire, the positioning guide wire having a distal 
end and a proximal end, the distal end of the positioning guide wire lumen forming an 
exit port opening in the outer surface of the catheter between the first expandable 
member and the second expandable member. 

9. The stent delivery assembly of claim 8, wherein a stent is mounted 
on the first and second expandable members. 

10. The stent delivery assembly of claim 9, wherein the stent includes 

an aperture. . 

11. The stent delivery assembly of claim 10, wherein the stent is 
mounted on the first and second expandable members such that the aperture of the stent 
is aligned with the opening in the side wall of the catheter so that the positioning guide 
wire may be extended through the exit port opening and aperture. 
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12. The stent delivery assembly of claim 8, further comprising a 
marker band located adjacent the exit port opening. 

1 3 . The stent delivery assembly of claim 8, wherein the catheter is a 
rapid exchange catheter and includes a distal end opening in the tracking guide wire 
lumen and a side port opening on the outer surface of the catheter so that the tracking 
guide wire extends through the side port opening, through the tracking guide wire 

5 lumen, and out the distal end opening, and the catheter further includes a slit extending 
from the side port opening to just proximal of the second expandable member so that 
the tracking guide wire can be unzipped through the slit during catheter exchanges. 

1 4. The stent delivery assembly of claim 8, wherein the catheter is an 
over-the-wire catheter and includes a distal end opening in the tracking guide wire 
lumen and a proximal opening in the tracking guide wire lumen so that the tracking 
guide wire extends from outside the proximal end opening, through the tracking guide 

5 wire lumen, and out the distal end opening. 

15. A method of stenting a bifurcated vessel having a main vessel and 
a side-branch vessel, comprising: 

providing a catheter for delivering and implanting a main-vessel 
stent having an aperture bordered by closed stent cells; 
5 implanting the main-vessel stent in a main vessel of the 

bifurcation, the main-vessel stent spanning an opening to a side-branch vessel and 
precisely orienting the aperture of the main-vessel stent with respect to the side-branch 
ostium so that subsequent access to the side-branch vessel is not compromised; and 
withdrawing the catheter from the patient. 

16. A method of implanting a stent in a main vessel adjacent to a 
bifurcation with a side-branch vessel, comprising: 

providing a catheter assembly having attacking guide wire lumen 
extending through at least a portion thereof, an expandable member associated with the 
5 catheter and having a main- vessel stent having an aperture bordered by closed stent 
cells mounted thereon, a stent-positioning guide wire lumen, a tracking guide wire 
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sized for slidable movement within the tracking guide wire lumen, and a stent- 
positioning guide wire sized for slidable movement within the stent-positioning guide 
wire lumen; 

advancing a distal end of the tracking guide wire into the main 
5 vessel and distal to a target area; 

advancing the catheter along the tracking guide wire in the main 
vessel to a position just adjacent of the side-branch vessel; 

advancing a distal end of the stent-positioning guide wire into the 

side-branch vessel; 

10 further advancing the catheter so that the distal end of the 

positioning guide wire anchors the catheter at the side-branch ostium; 

aligning the aperture of the main- vessel stent with the ostium of 
the side-branch vessel; 

inflating the expandable member thereby expanding and 
15 implanting the main- vessel stent at the target area in the main vessel; 

deflating the expandable member and withdrawing the catheter 

from the patient; and 

withdrawing the tracking and stent-positioning guide wires from 

the patient. 

17, A method of implanting a stent in a main vessel adjacent to a 
bifurcation with a side-branch vessel, comprising: 

providing a catheter assembly having a tracking guide wire lumen 
, extending through at least a portion thereof, an expandable section having a first 
5 expandable member and a second expandable member proximal to the first expandable 
member associated with the catheter and separated by an exit opening, and having a 
main-vessel stent having an aperture bordered by closed stent cells mounted on the 
expandable section, a stent-positioning guide wire lumen, a tracking guide wire sized 
for slidable movement within the tracking guide wire lumen, and a stent-positioning 
1 0 guide wire sized for slidable movement within the stent-positioning guide wire lumen; 
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advancing a distal end of the tracking guide wire into the main 
vessel and distal to a target area; 

advancing the catheter along the tracking guide wire in the main 
vessel to a position adjacent the side-branch vessel; 
5 advancing a distal end of the stent-positioning guide wire through 

the opening and aperture into the side-branch vessel; 

further advancing the catheter so that the distal end of the 
positioning guide wire anchors the catheter at the side-branch ostium; 

aligning the aperture of the main-vessel stent with the ostium of 
10 the side-branch vessel; 

inflating the first and second expandable members thereby 
expanding and implanting the main-vessel stent at the target area in the main vessel; 

deflating the first and second expandable members; 
withdrawing positioning guide wire from the side-branch vessel back into the lumen 
15 of the catheter and withdrawing the catheter from the patient until the first expandable 
member is positioned beneath the aperture; 

inflating the first expandable member thereby completing the 
expanding and implanting of the stent in the target area of the main vessel; 

deflating the first expandable member and withdrawing the 
20 catheter from the patient; and 

withdrawing the tracking and stent-positioning guide wires from 

the patient. 
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